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ABSTRACT

The spiny dogfish is the largest under-utilized finfish resource
of the northeastern fisheries of the U.S., yet little critical data is
available on its biological parameters. This study describes the
age-length relationships, growth and maximum size for both males and
females; estimates were also made of size at reproductive maturation,
Dorsal fin spines were used to determine the age of fish. The sanples
for data development were collected in 1976, 1979, 1980, and 1981 at
sites in the Gulf of Maine and the New York Bight and camprised 218 male
- and 434 female fish.

von Bertalanffy growth curves were fitted to the age-length data
for each sex separately. Male fish were found to mature earlier and to
reach a smaller final size than females. Comparisons were made with
growth in other populations of spiny dogfish. -These Northwestern
Atlantic fish were scmewhat slower growing than the European population
in the Northeastern Atlantic. Both Atlantic populations were found to
have higher growth coefficients (K) and lower L(nax) and L_ values than
reported for dogfish populations of the Pacific coast, indicating that
the Atlantic fish grow faster but do not achieve sizes as large as the
Pacific populations.
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INTRODUCTICN

Status of the Fishery

The spiny dogfish, or grayfish, Squalus acanthias, occurs in very
large numbers off the Mid-Atlantic States and New Fngland. It has
traditionally been regarded as a costly nuisance by camercial and
recreational fishermen alike, damaging gear, spoiling the catch and
hindering fishing operations. Dogfish are reputed to be voracious
feeders and their large populations may have significant effects in
reducing the size of stocks of traditional food fish. although landed
camercially in small numbers, the dogfish has been considered one of
the most important under-utilized fishery resources in the northeast.
The size of the dogfish resaurce is not precisely known, but all recent
estimates indicate that it is large, indeed it has been suggested that
at times the dogfish represent the major part of the groundfish bicmass
in the Mid-Atlantic Bight (Jensen, 1978). Similarly, it has been
. established that dogfish contribute as much as 50% of the biomass to
trawl catches in the Bight during the winter months (Colvocoresses and
Musick, 1978). ) ”

Although large mumbers of northeastern dogfish are now caught by
U.S. bottom trawlers, they are largely considered to be wmarketable and
discarded at sea (Mayo et al., 1981). During the 1970's a trawl fishery
developed for dogfish of the northeastern stocks off both the U.S. and
Canadian coasts., Total catches approached 20,000 metric tons annually
(Figure 1), but the greater part of the resource was taken by foreign
vessels (mainly Russian) and only with the offshore extension of U.S.
and Canadian fishing limits was this foreign fishery reduced. Catches
for ICNAF statistical areas 6, 5 and 4 (equivalent to Mid-Atlantic, New
England and maritime Canada, respectively) are given below for the years
1973 to 1978, Table 1.




FIGURE 1: Total landings of dogfish from Maine to Cape
Hatteras (in metric tons), 1964-1979.
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Table 1. Northeastern dogfish catch, from ICNAF statistics.
(Total catches in metric tons).

Subarea 6 Subarea 5 Subarea 4
Year {(Mid-Atlantic)}* (New England) (E. Canada)*  Total
1973 . 3,400 10,400 3,500 17,300
1974 5,40C 12,200 6,800 24,400
1975 2,000 16,300 4,200 22,500
1976 1,600 12,900 2,900 17,400
1977 1,900 5,800 400 8,100
1978 200 1,200 - 1,400

* FEquivalent region.

Since 1975/76 a significant human food market has developed in the
United States for dogfish. Both back fillet and belly flap were
exported as frozen products to European markets from New England, as
well as from the Staée of Washington. The flesh of the spiny dogfish,
properly processed, is very palatable and of good nutrifional value, and
has long been a popular item of the Eurcpean diet. The Eurcpean dogfish
stocks have decreased due to overfishing in recent years and it is
estimated that they will not recover quickly. This market potential for
U.5. catches should therefore continue, although the market failed ta
hold in 1980 due to high transportation costs. There is also strong
interest in the use of dogfish flesh in frozen processed fish products.
The regional Fisheries Councils have interests in fisheries development
for the spiny dogfish and are alse formulating regulatory programs for
the fishery. The Mid-Atlantic Fisheries Development Foundation, Inc. is
active in supporting projects related to its harvesting, processing and
marketing. If successful development occurs, it will enlarge the extent
of the new fishery, and this will be important in broadening the
resource base of fishermen, -- this expansion can readily be done using
fishing techniques and facilities which are already fully established

for conventional fisheries.



Population Parameters

At present, there is little critical data available concerning the
population biology and migrations of the eastern U.S. spiny dogfish and
much has been surmised by reference to data for the west coast and for
the European stocks (Jensen, 1965). There are no quantitative data in
the literature for the reproductive maturation of the Mid-Atlantic/New
England dogfish; the only determination of age and grewth for this stock
is Russian (Soldat, 1980) which uses an unreliable technique about which
the author himself expresses some reservations, stating that
"sonsiderable troubles arise when working (aging) with the spiny
dogfish”. Reliable age/length keys and related information are not at
present available for the northeast coast stocks. This lack is a
serious impediment to calculations of growth and mortality rates
necessary for purposes of preparing a stock assessment of fishery
management of the eastern spiny dogfish.

Because of the lack of reliable data on the fundamental population
parameters of age-structure, growth, maximum size and age, ages at
sexual maturation and fecundity, one of us (PMIW) cbtained funding
support from New York Sea Grant Institute in 1879/80 to establish such
data. We have now developed satisfactory technicques for age
determination, using dorsal fin spines. These methods have been used to
establish life tables, growth rates and other biological parameters for
each sex separately. Similarly, quantitative data were obtained for
sexual maturation and for relating fecundity to maternal size. The
preliminary results are very satisfactory to allow direct camparisons of
these basic population parameters to be made between the underfished
east coast stocks and the heavily overfished Buropean spiny dogfish
stocks.

MATERIALS AND METHCDS

Representative sampling of dogfish was conducted in 1976, 1979,
1980, and 1981. All fish in 1976 and many in 1979 and 1980 (448 fish)
were taken from waters around Mount Desert Island, Maine, during the
months of July and August by A. D. and P. M. J. Woochead, working at the



Mount Desert Island Biological Laboratory; in 1976 these samples were
supplemented by a collection made by Dr. Anthony Guarino. The majority
of these fish were sexually mature and many were females. The other
samples of dogfish in 1979 and 1980 were collected by Racul Castaneda on
Georges Bank, Brown's Bank and other sites included in NMFS bottom trawl
surveys (Figure 2). Fish were also collected in 1981 on NMFS groundfish
surveys off Long Island, New York, by Shawn McCafferty. All these
latter sites yielded approximately equal numbers of irmature and mature
fish, with no apparent sex predominance. Total lengths, defined as the
distance from the snout tip to the tip of the upper lobe of the caudal
fin when depressed to align with the longitudinal axis of the fish, were
recorded for all fish. When possible, the total body weight, total
ambryo number, and number of ;ipening ovarian eggs were also determined.

AGE DETERMINATION

Age determination in elasmobranchs is difficult, for they lack
calcareous otoliths or bony ridge scales, both of which are cammonly
utilized in teleost aging techniques. The use of vertebral centra for
elasmobranch aging has been a fairly useful method (Daiber, 1960; Rasen,
1963; Stevens, 1975} but this technique proved to be problematic with
Squalus acanthias, as staining failed to differentiate growth rings on
centra. The use of the dogfish dorsal fin spines for age determination
has been successfully undertaken by mumercus researchers and this
technique was utilized in the present study (Kaganovskaia, 1933;
Templeman, 1944; Bonham, 1949; Holden and Meadows, 1962; Ketchen, 1975;
Soldat, 1980). The dorsal fin spine consists of a polished enamel outer
layer overlying a thin layer of pigment, three layers of dentine, and a
central pulp cavity; this is shown diagrammatically in Figqure 3. A
cartilage rod at the spine base connected to the dorsal £in cartilage
keeps the spine in place. The spine grows from its base in a series of
steps which can be likened to a series of dentine cones laid on top of
each other. The cones are laid down annually and pigment bands form
between the enamel and dentine at the base of each cone, forming an
annual mark (Holden and Meadows, 1962), as seen in Figure 3 and 4. The
number of growth bands occurring along the length of the spine is




FIGURE 2: Collection areas for Squalus acanthias (outlined
by dashed line) during the years 1976, 1979, 1980,
and 1981.
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FIGURE 3: Depicticn of dorsal fin spine located anterior to
dorsal fin (top). Schematic of spine growth
(bottom) showing five annual opaque rings or bands
at "cone bases".
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FIGURE 4: Three dorsal fin spines showing pigment bands used
to determine fish age.
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usuaily counted by viewing the external surface of the whole spine under
a low power binocular microscope, but dentine rings have been described
in both longitudinal sections and cross sections of the spine (Holden
and Meadows, 1962; Soldat, 1980). Soldat (1980} used ground cross
sections of spines to age dogfish from the Northwest Atlantic but,
together with Holden and Meadows (1962), he cammented on the
difficulties in accurately counting cross-sectional rings. In
particular there was the possibility of the "loss" of rings depending on
where the spine was cut and the need to apply a correction for such
neglected growth bands in attempting to estimate age from spine cross
sections. Because of the difficulties encountered by other workers
using this method, we did not attempt to determine fish ages from
sections of spines but counted the bands cbserved on the external
surface of the spines.,

The'anterior and posterior dorsal fin spines were removed from the
fish and stored in vials with a 10% formaldehyde solution, for later use
in age determination. The method utilized in this study was to count
the opaque pigment bands separated by lighter, hyaline zones and is
similar to the method -employed by Holden and Meadows and others. The
posterior spine was used for aging, being the larger of the two and
having the rings spaced further apart. However, a camparison of age
determined from both anterior and posterior spines was carried out when
both were available. The spine was cbserved with a binocular microscope
under low magnification (8x) using side lighting. If higher
magnification was used, the bands appeared diffused and became difficult
to count. The spine was moistened with water and placed on its concave,
posterior surface in a clear, glass petri dish. The dish was angled by
hand to aliow light to pass through one side of the spine, thereby
clearly illuminating the bands on the opposite side. Two counts were
made of the opague bands on one side of the spine; the same was done on
the opposite, anterior face.

The ring structure cn dorsal spines showed some variations between
fishes. Holden and Meadows (1962) have also noted this and described a
number of camonly occurring conditions., When changes in ring pattern
were found, such as split or double rings they were carefully regarded
and the interpretation of Holden and Meadows was followed in estimating

13
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the age from the spines. To eliminate possible unconscious bias, care
was also exercised to keep from the reader all information about the _
fish whose spine was being analyzed. It was cbsexved that the ring
pattems on spines from male fish were less distinct overall than female
fish spines. It was also noted that, as Ketchen (1975) had observed,
the bands marking the first 5 to 7 years of growth were broader and
fainter than later rings. The trend of reduction in annual band width
with increasing age is shown for a group of ten fish in Figure 5. There
was considerable variation in growth band width from year to year on any
single spine but the gradual reduction in band width with age is fairly
clear for the group as a whole,

The age range for any particular spine count was one to three or
more years. Any spine with an age range of three or more years was read
again at a later date, in an attempt to cbtain a more precise reading.
Spines from fish over 100 cm in length were reread also, to reduce any
error due to worn or damaged spines. If the reading differed by one
vear, an averaging of ages was employed, by alternately choosing the
higher and lower age in a particular size class of fish. If the count
differed by two years, the mean age was accepted. A spine reading was
discarded if the difference between readings was greater than two years.
Any spine considered too worn to yield an accurate age was also
rejected. This subjective decision usually occurred if the spine was
worn to or beyond the start of the pulp cavity.

Of the 832 spines counted, 24% vielded a single age, 44% had an age
range of one year, 20% ranged over two years, 3% had a three year range,
and 10% were considered unreadable. This method eventually yielded age
determinations for 434 female and 225 male fish.

RESULTS

Growth

The relationship of total fish length to estimated age for both
mazles and females was plotted (Figures 6 and 7) and curves were fitted
to this data using the familiar von Bertalanffy (1938) growth equation:



FIGURE 5: Relation between pigment band intervals and fish age
for 10 fish, indicating decreased spine growth with
age. Pigment band intervals measured in arbitrary
units. Note that spines used are from fish of

varying ages.
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FIGURE 6: The von Bertalanffy growth curve fitted to the

cbserved lengths at age for female S. acanthias

{433 fish). Note that more than one fish may
be represented by individual points.
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FIGURE 7: The von Bertalanffy growth curve fitted to the
cbserved lengths at age for male S§. acanthias
(218 fish). Note that more than one fish may be
represented by individual points. Dashed line
depicts the female growth, curve for comparison.
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L, = L (1-exp[-K(t-t_)])
where L, = length at time t
L. = theoretical average maximm length
K = Brody growth coefficient indicating the rate at
which length approaches L
ty = calculated time at which length (L) is equal to zero

The growth curves were fitted by least squares as described by
Tomlinson and Abramson (1961). The curves were computed on a Univac
1100 computer utilizing Abramson's BGC-3 Fortran program. The von
Bertalanffy growth parameters of the male and female growth curves are
shown in Table 2. The mean lengths at age are listed in Table 3 and the
distribution of fish lengths at age are given in Tables 4 and 5. The
most noticeable differences between the males and females are the L and
X values. Males have a larger value for K but a smaller L_ than
females indicating that males reach their theoretical average maximum
length {L ) more quickly than females. Caution must be exercised when
interpreting K, for it should not be regarded sirply as the growth rate
of a particular fish or population (Ricker, 1975). Other factors
besides growth rate of the fish influence K, such as the value of L _.

An example of this can be seen when comparing the male and female growth
parareters. The larger Brody growth coefficient for males might at
first infer a faster rate of growth. Yet, camparison of the two growth
curves together (Figure 7) shows their growth rates prior to maturation
are very similar. However, the Brody growth coefficient (K) can be used
for comparison as an indication of growth differences among populations
of the same species, as long as such considerations are kept in mind.

The calculated time at which fish length equals zero (to) for both
males and females in this study is close to -2 years, which corresponds
to the two year uterine gestation period of dogfish. Estimates of the
length at birth calculated from the curves obtained (20.0 cm and 20.8 cm
for males and females respectively) are scmewhat low compared to the
estimated size range at birth of 23-28 cm for this population of

dogfish.



Table 2.

Calculated von Bertalanffy growth parameters for Northwestern
Atlantic stock.

Sex L= K t n

F 120,96 .0689 ~2.75 433
M 85.48 .1359 -1.96 218

22
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This indicates a poorer fit of the von Bertalanffy equation in these
young size classes. The values for L_ correspond closely with the
greatest observed maximm lengths (Ihax) of fish sampled, which were 91
cn for males and 119 am for females.

Maturation

A cumlative frequency distribution of fish lengths was plotted to
determine the length at 50% maturation for both males and females
" (Figures 8 and 9). Maturity of male dogfish was judged by clasper size,
which enlarge noticeably at sexual maturation. Female maturity was’
defined by the presence of uterine embryos, or uterine eggs encapsulated
in "candles". Oﬁly the fish caught offshore, in the Georges Bank,
Stellwagen Bank, Brown's Bank, and NMFS sites, were used for the 50%
maturation determination. These fish better represented a sample of the
entire population length range, since most irmature fish were caught
offshore. Using the offshore samples, 148 males and 213 females were
utilized: it is acknowledged that these form only small samples and are
only intended for comparison purposes.

For these samples the lengths at 50% maturation were 75.7 cm and
92.8 cm for males and females respectively. A calculation of the age at
which 50% of the fish became sexually mature was made utilizing the von
Rertalanffy growth curves determined for this stock. The calculated
ages of 50% maturity were 14 years for males and between 18 and 19 years
for females.

An analysis of the age data with respect to sexual maturity yielded
an important relation regarding dogfish growth and maturation. Immature
females were consistently smaller than mature females of comparable age.
These size differences are shown in Table 6 for females sampled at
offshore sites. The finding that immature females are consistently
smaller at age, or slower growing, indicates the significant influence
of growth rate on the onset of sexual maturity.



FIGURE 8:

Relation between length of female dogfish and
percentage maturity (213 fish).
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FIGIRE 9:

Relation between length of'male dogfish and
percentage maturity (148 fish).
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Table 6. Camparison of lengths at age for immature and mature female
fish sampled at offshore sites.
Age TOTAL LENGIHS
Immature Mature
Mean Std. Dev. N Mean Std. Dev
13 67.3 8.42 4 86.0 -
14 74.0 2,83 2 85.9 2.42
.15 74.0 - . 87.2 - 6,10
16 ~  68.5 6.36 2 89.0 7.77
17 66.0 - 1 92.3 7.41
18 70.0 - 1 89.7 5.03
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DISCUSSION

Growth

Comparison of our data with previous studies is limited, because
many earlier studies pooled male and female growth data, making
canparisons inappropriate (Kaganovskaia, 1933; Aasen, 1961; Holden and
Meadows, 1962). The present growth curves and their parameters for male
and female fish separately are given in Table 7, together with
camparable data for spiny dogfish from the Northeastern Atlantic
(Scottish-Norwegian) stock and for west coast, Pacific stocks of this
species. The Pacific dogfish are found to be between 5 and 10 cm larger
than Atlantic stocks. The maximum observed lengths (L max) for Pacific
stocks range from 100-107 om for males and 124-130 am for females
{Ketchen, 1972). Lnax for Atlantic stocks range from 83-91 am for males
and 109-119 am for females (present study). The increased size of
Pacific dogfish can also be seen in camparison of the L_ parameters in
Table 7, which should reflect the me values obtained from samples.
However, the comparison of cbserved maximm lengths (me) is more
applicable than comparison of L_ in this case, dve to inappropriately
large estimates of L_ by Bonham (1949} which were not matched by equally
large fish in catches.

Although Atlantic stocks apparently do not grow as large as Pacific
dogfish, Atlantic populations seem to grow faster during immaturity, as ~
shown by the K parameters and by simultaneous comparison of the various
growth curves (Figures 10 and 11). The growth curve predicted by
Ketchen (1975) is taken to be representative of Pacific stocks and is
therefore the curve depicted for camparison in Figures 10 and 11. The
higher K value for Atlantic stocks is indicated by the steeper slope of
the growth curve, while the larger L of Pacific dogfish' is denoted by
the greater height of the growth curve. It can alsc be seen that the
growth curves of previous studies begin with slightly greater lengths at
birth {age z.ero) indicating a somewhat better fit of the curve at
younger ages. However, comparison of t0 values in Table 7 shows that
the present study has values quite close to -2 years, reflecting the 2
year gestation period of dogfish whereas previous studies cbtained t,
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Table 7. Comparison of von Bertalanffy growth parameters for Atlantic
and Pacific stocks of spiny dogfish.

Area/Source Sex I K to n*
Northwest Atlantic F 120.96 .0689 -2.75 433
Present Study M B5.48 .1359 -1.96 218
Northeast Atlantic F 101.4 .11 -3.6 445
Holden and Meadows (1962) M 79.7 .21 -2.0 317
British Columbia F 125.3 .048 ~4.88 418°
Ketchen (1975% M 99.3 .070 -4.70
Strait of Georgia-B.C. F 128.0 .037 -6.%

Jones and Geen (1977)€ M 98.4 J072 -4.1 7
Washington Coast F 152.9 .036 -6.7 107
Bonham (1949) M 101.8 0.71 -5.2 109

* Sample size
Average of Hecate Strait and Strait of Georgia results

Lo T

Sexual breakdown not specified
¢ Age determination by x-ray spectometry



FIGURE 10:

Conparison of von Bertalanffy growth curves for
male S. acanthias from three different fish
populations, from North Sea (Holden and Meadows,
1962), from British Coluwmbia (Ketchen, 1975), and
from the Northwestern Atlantic (present study).
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FIGURE 11: Camparison of von Bertalanffy growth curves for
female S. acanthias from three different fish
populations, from North Sea (Holden and Meadows,
1962), fram British Columbia (Ketchen, 1975), and
frem the Northwestern Atlantic (present study).
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values different from -2 years, suggesting that in this respect the
present‘results give the better fit at younger ages.

Comparison of the growth curves and their parameters for Atlantic
dogfish stocks show interesting differences between them. K values for
the Northeastern Atlantic, or North Sea, dogfish population {(Holden and
Meadows, 1962) are higher for both sexes than values derived from
Northwestern Atlantic stocks. The faster growth of Northeastern
Atlantic stocks is possibly a reflection of increased fishing mortality
on growth. An extensive commercial dogfish fishery expanded rapidly in
the North Sea, off Scotland and Norway after the 1939-45 war, while
Northwestern Atlantic stocks have had comparatively little commercial
fishing pressure, at least until the mid 1570's. The North Sea stock
studied by Holden and Meadows (1962) might therefore exhibit the
increased growth rate, earlier maturation and reduced maximum lengths,
indicative of a heavily fished stock when compared to relatively
underutilized populations (Holden, 1973; Adams, 1980).

The increased growth rate can be seen in the higher Brody grnwth
coefficient values and the larger mean lengths at age for North Sea
samples. A reduction in the maximm predicted lengths attainable and
maxirmum observed lengths is depicted by the comparatively lower L and
Lbax values for North Sea stocks (Table 7).

It can be seen from the overall results that male dogfish mature
earlier and that they reach a smaller maximum size than female fish.
The Northwest Atlantic stock of dogfish apparently grow faster than
Pacific dogfish stocks, but they do not reach as large a maximm length.
Campared to the North Sea stocks, the Northwest Atlantic population
seams to have a slower growth rate and higher maximum length. These
differences between Atlantic populations may be due to differences in

fishing pressure.
Maturation

Both of the maturation estimates calculated for this population
(75.7 cm for males; 92.8 cm for females) are high when compared to other
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estimates for Atlantic stocks. Holden and Meadows estimated the size of
50% maturation for North Sea males was 60 cm and 82 com for females,
while Nammack (1982} calculated values for Northwestern Atlantic stocks
of 81.3 an for females and 58-62 cm for males. The present study's
estimates are actually more carparable to Pacific dogfish estimates of
length at 50% maturation (Estimates from Ketchen (1972) were 72 cm for
males and 93.5 cm for females). The estimated ages at 50% maturity for
this stock, 14 years for males and 18-19 years for females, can be
contrasted with 5 years for males and 11 years for females for the North
Sea dogfish as determined by Holden and Meadows. The lengths and ages
at 50% maturation for this stock are only estimates, since it is
realized that the sample sizes used for these approximations are too
small to expect accuracy.

Although the size at maturity values obtained for the small samples
in this study are comparatively high, it is quite probable that this
stock does exhibit a larger length at maturity than the North Sea stocks
studied by Holden and Meadows, because this Northwestern Atlantic
- population grows more slowly and reaches larger maximum lerigths. When
camparing these two Atlantic stocks, it rust be remembered that the
North Sea dogfish have been exploited much more heavily than Northwest
Atlantic dogfish stocks.

Finding that the immature females were smaller than mature females
of the same age indicates that these immature fish are slower growing.
The resulting conclusion, that faster growing fish mature at an earlier
age, holds interesting implications concerning the fecundity of this
dogfish population. One way which fish populations are able to control
their fecundity is through density dependent changes in growth patterns,
If population density is low or in the process of decreasing, fish
growth will tend to increase, reducing the time to sexual maturation and
thereby increase a fish's overall reproductive potential (Holden, 1973,
1974} ; reduction in the size at maturaticn may also accur. This may be
related to the differences found when the two populations on either side
of the Atlantic are compared. The North Sea population density is low
due to fishing pressure and the fish grow more rapidly and increase

fecundity by shortening the time to sexual maturation.
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OONCLUSION

The von Bertalanffy growth parameters determined for the
Northwestern Atlantic dogfish population exhibit relationships similar
to other studies when compared between sexes and to Pacific stocks,
while highlighting interesting differences between other Atlantic
populations. The male dogfish mature earlier and reach a smaller
raximum size than females. Growth of this Atlantic stock is apparently
faster, but maximum attainable size is not as great as reported for
Pacific stocks. The Northeastern Atlantic, North Sea, stock of dogfish
was found to have higher growth coefficients (K}, but lower L(max) and
L_ values, indicating that these fish grow faster, but do not achieve
sizes as large as the Northwestern Atlantic populations. The
differences in growth between the stocks on either side of the North
Atlantic may be related in part to the greater fishing pressure exerted
on the North Sea dogfish stocks.

Camparison of size at age among immature and mature female fish
showed that faster growing fish mature at an earlier age. Increasing
growth rate and the resultant earlier sexual maturation is considered to
be a density dependent mechanism for control of fecundity, especially in
more k-selected species. If the size of the Northwestern Atlantic
dogfish population is reduced due to fishing or other environmental
pressures, an increase in growth rate might be one response exhibited by
these dogfish to increase overall fecundity. However, such an attempt
at increased growth and an earlier maturation would have only limited
effects in increasing the fecundity of this species, which exhibits such
low reproductive potential and slow growth.



43

BIBLTOGRAPHY

Aasen, O. 1961. Pigghaundersckelsene. Fiskets Gang, 47 Arg., Nr. 2:
36-44

Aasen, D. 1963. Iength and growth of the Porbeagle (Lamna nasus
Bonaterre) in the North West Atlantic. Fisk Dir, Skr., Ser.
Havunders., 13(6): 54-72.

Adams, P, B, 1980. Life history patterns in marine fishes and their
consequences for fisheries management. Fishery Bulletin, Vol. 76
(1): 1-12,

Anon. 1982. Status of the fishery resources off the northeastern
United States for 1981, U.S., Dept. Commerce, NOAA Tech, Memo.
NMFS-F/NEC~12. Woods Hole, Jan. 1982, 114 pp.

Bertalanffy, L. von. 1938. A quantitative theory of organic
(Inquiries on growth laws. II). Hum. Biol., Vol. 10: 181-213,

Bonham, K., F. B. Sanford, W. Clegg, and G. C. Bucher, 1949,
Biological and vitamin A studies of dogfish landed in the State of
Washington (Squalus suckleyi). Wash. Dept. Fish. Biol. Bull., 49%A;
83-113.

Colvocoresses, J. A. and J. A, Musick. 1978. NMFS groundfish survey,
Section III. In Chapter 10. Historical commmunity structure
analysis of fin fishes. Contract AAS50-CT6-62 with U.S. Bureau of
Land Mgt.

Daiber, F, C. 1960. A technique for age determination in the skate
Raja eglanteria. Copeia, 1960: 258-260.

Holden, M. J. 1973. Are long-term sustainable fisheries for
elasmobranchs possible? In: Fish Stocks and Recruitment, B. B.
Parrish, ed., Rapp. P. V. Reun. Cons. Int. Explor. Mer., 164:
360-367,

Holden, M. J. 1974, Problems in the rational exploitation of
elasmnbranch populations and some suggested solutions. In: Sea
Fisheries Research, F. R. Harden—Jones, ed., lLogos Press, London.
pp 117-138,

Holden, M. J. and P. S. Meadows. 1962, The structure of the spine of
the spurdeogfish (Squalus acanthias L.) and its use for age
determination. J. Mar. Biol. Assoc. U. K., 42: 179-197.

Jensen, A, C. 1965. Life history of the spiny dogfish. Fish, Wildl.
Serv., Fish., Bull., 65(3): 527-553.

Jensen, A. C. 1978, The spiny dogfish. The Conservationist. Nov-Dec
1978, p. 38-40.



Jones, B. C., and G. H. Geen. 1977a. Age and growth of spiny dogfish
(Squalus acanthias) in the Strait of Gecrgia, British Columbia.
Fish. Mar. Serv. Res. Dev. Tech. Rep. 699: 1lépp.

Kaganovskaia, S. M. 1933. Methods for ascertaining the age and
corposition of the catch of Squalus acanthias L. Bull. Far-East
Br. A-Cad. SCi. UnS-S.Rt; NO- 1_2-3: 5“6-

Ketchen, K. S. 1972, Size at maturity, fecundity, and embryonic growth
of the spiny dogfish (Squalus acanthias) in British Columbia
waters. J. Fish. Res. Board Can., 29: 1717-1723.

Ketchen, K. 5. 1975. BAge and growth of dogfish, Squalus acanthias, in
British Columbia waters. J. Fish. Res. Board. Can., 32: 43-59.

Mayo, R. K., Lange, R. M., Murcwski, S. A., Sissenwine, M. P., and B. E.
Brown. 1981. A procedure for estimating rates of escapement and
discard, based on research vessel bottom trawl catches. TICES C. M.
1981/G: 62 Demersal Fish Comm. Woods Hole, Oct. 1981. 18 pp
(mimeo) .

Narmack, M. 1982. Age, growth, and fecundity in Spiny Dogfish (Squalus
acanthias) in the western North Atlantic. Masters Thesis, College
of William and Mary.

Ricker, W. E. .1975. Camputation and interpretation of biological
statistics of fish populations. Bull. Fish. Res. Board Can., Bull.
191: 382pp. '

Shafer, T. C. 1970. Migration and distribution of the Spiny Dogfish
{Squalus acanthias L.) in the Western North Atlantic. Masters
Thesis in Oceanography, Univ. Rhode Island: 44pp.

Soldat, V. T. 1979. Biology, distribution and abundance of the spiny
dogfish in the Northwest Atlantic. ICNAF Res. Doc. 79/VI/15: Spp.

Soldat, V. T. 1980. Age and size of spiny dogfish (Squalus acanthias)
from the Northwest Atlantic Ocean. NAFO 5CR Doc. 80/Vi/51: 18pp.

Stevens, J. D. 1975. Vertebral rings as a means of age determination
in the blue shark (Prionace glauca L.) J. mar. bicl. Ass. U.K., 55:
657-665.

Templeman, W. 1944, The life-history of the spiny dogfish (Squalus
acanthias) and the Vitamin A values of dogfish liver oil. Res.
Bull. Div. Fish. Resour. Newfoundld., No. 15: 102pp.

Tomlinson, P. X. and N, J. Abramson. 1961. Fitting a von Bertalanffy
growth curve by least squares, including tables of polynomials.
Calif. Dept. of Fish and Game, Fish. Bull. 116: 6Spp.

44






